Abstract Contrast-enhanced ultrasonography (CEUS) and strain elastography (SE) are diagnostic imaging methods, which are still not routinely used in the clinical management of inflammatory bowel diseases. However, there are studies in the literature reporting on the use of both CEUS and SE in patients with bowel obstruction due to Crohn's disease, documenting the usefulness of these two methods in the differentiation between inflammation and fibrosis affecting the bowel wall. The aim of this case report is to evaluate the usefulness of CEUS and SE performed in a patient with Crohn's disease, who was admitted to hospital with bowel obstruction due to terminal ileal stricture and submitted to ileocecal resection. CEUS and SE identified and to some extent also characterized the inflammatory and fibrotic processes affecting the bowel wall. Macroscopic and microscopic examinations of the surgical specimen confirmed the presence of inflammatory phenomena (exudates, ulcers, and fistulas) and fibrosis as suggested by ultrasound (US) imaging methods.
Introduction
In patients with intestinal stricture due to Crohn's disease, characterization of the affected bowel wall is essential as medical therapy is indicated in the presence of mainly inflammatory phenomena, whereas surgical resection is required in the presence of mainly fibrotic phenomena.
Ultrasonography (US) is useful for diagnosis and staging of Crohn's disease affecting the terminal ileum, equivalent to CT enterography and MRI enterography according to the ECCO guidelines [1] . Changes in the terminal ileum wall are diagnosed using grayscale US, and lumen caliber can be assessed after administration of oral contrast agent.
Recently two US methods have been suggested for characterization of bowel obstruction, i.e. contrast enhanced US (CEUS) which permits correlation of the intensity of bowel wall enhancement with that of inflammatory activity in the examined portion [2] and strain elastography (SE) a method assessing the elasticity of the tissues.
The basic physical principles and performance of CEUS and SE are described in other recent publications including the EFSUMB guidelines [3] [4] [5] .
We describe a case of small-bowel subocclusive Crohn's disease due to terminal ileum stricture in which CEUS and SE were performed to characterize the affected bowel loop.
In this study, grayscale US, color Doppler US (CDUS), CEUS and SE were carried out on a high end US scanner (Mylab Twice, Esaote, Italy) equipped with appropriate convex and linear probes as well as contrast-specific and elastography software.
CEUS was performed using a second-generation contrast agent currently available in Europe (Sonovue, Bracco, Italy) administered as an intravenous bolus of 2.4 ml.
The quantification of the enhancement after contrast administration was calculated using a dedicated software, Vuebox (Bracco SA, Switzerland) by manually drawing a region of interest (ROI) on the image depicting the affected bowel.
The software calculates the intensity/time curves (TICs) and related indices, i.e. the area under the curve (AUC), peak enhancement (PE), mean contrast transit time (MTT) and other parameters.
SE is a qualitative examination, and the elastic properties of the tissues are mapped in a color scale. Our scanner shows tissue elasticity values in 100 color shades ranging from blue indicating ''maximum stiffness'' to red indicating ''maximum elasticity''. To obtain a better reproducibility and comparability, the outcome of SE can be classified using a colorimetric score already proposed in the literature [6] . Normal bowel wall thickness is \3 mm and the SE color map will be predominantly green.
US examinations were performed by a single operator (AG) with expertise in US imaging of the digestive tract including CEUS and SE. 
Case history
A 32-year-old patient with Crohn's disease affecting the terminal ileum (disease extension: about 20 cm). The patient had occasionally been administered medical therapy during the previous 3 years and was referred to our department due to an episode of small-bowel obstruction confirmed by contrast enhanced CT carried out at admission (Fig. 1a) .
Colonoscopy from the rectum to the cecum allowed exclusion of abnormalities affecting the colon and permitted visualization through the ileocecal valve of about 2 cm of the ileum which appeared normal (Fig. 1b) . Medical therapy (corticosteroids and metronidazole) was administered and the episode resolved in a few days. Grayscale US confirmed the extension of the ileal disease, wall thickening up to 7 mm and loss of echostratification of the bowel wall (Fig. 2a) . CDUS showed vascular signals within the bowel wall which were assigned a Limberg score of 2 or 3 depending on the portion (Fig. 2b) .
CEUS and SE were performed after resolution of bowel obstruction.
CEUS performed on two target segments of thickened bowel wall provided assessment of bowel wall enhancement classified as inhomogeneous, intense and prolonged ( Fig. 3) .
Quantitative parameters obtained with CEUS time/intensity curves of the thickened bowel wall suggested severe inflammation ( Fig. 4 : first target AUC 29 %, compared to the AUC of the time/intensity curve of the iliac artery as reference target). SE provided further characterization of the bowel wall showing mildly abnormal elasticity of a short portion of the ileum close to the ileocecal valve and higher stiffness values in the portion of the ileum which was more distant from the ileocecal valve (Fig. 5a, b) .
After discharge, during gradual reduction in corticosteroid dosage, the patient had a second subocclusive episode and was submitted to surgical removal of the cecum along with the terminal ileum and the appendix.
The ileal wall was described by the pathologist as ''stiff and thickened with irregular ''cobblestone'' appearance of the mucosa''. At low magnification, histological examination showed overall thickening of the ileal wall involving particularly the submucosa and associated with muscular hypertrophy (Fig. 6a) .
High magnification showed areas of chronic productive follicular type inflammation with transmural extension into the tunica serosa (Fig. 6b) , areas of acute exudative inflammation with mucosal and submucosal ulcers and fistulas (Fig. 6c) , submucosal fibrosis with extension into the tunica muscularis (Fig. 6d) and muscular hypertrophy.
Discussion
Our 32-year-old patient had ileal stricture with wall thickening, partial loss of echo-stratification and vascular signals within the bowel wall (US and CDUS). These findings are commonly detected in patients with Crohn's disease submitted to grayscale US in daily clinical practice.
CEUS performed on the target portion of the affected ileum suggested persistent severe inflammation of the bowel wall. After resection, histological examination of the surgical specimen confirmed ''acute inflammation with exudates, necrosis, ulceration and fistula'' (Fig. 6c) .
SE performed on the terminal ileum wall showed altered elasticity (Figs. 5a, b, 7b) with a higher percentage of ''blue'' areas within the bowel wall (suggesting stiffness) in the portion which was more distant from the ileocecal valve compared to the portion next to the valve.
The outcome of SE was confirmed by macroscopic examination of the surgical specimen revealing a stiff, thickened bowel wall while microscopic analysis showed diffuse fibrosis of the bowel wall extending from the submucosa to the muscle tunic and muscular hypertrophy.
It should be pointed out that CEUS and SE provided evidence of severe inflammatory and fibrotic phenomena coexisting in the same portion of the ileal stricture (Fig. 7a,  b) . It is likely that not only fibrosis, but also exudation and interstitial edema may have contributed to the reduced elasticity of the bowel wall. In our patient, decision to perform surgery was influenced by the outcome of US including SE suggesting structural alteration of the ileal wall which is usually unresponsive to medical therapy.
There are still few data in the literature on CEUS and SE in bowel obstruction due to Crohn's disease.
It has been assumed that CEUS would be useful in the study of bowel obstruction in patients with Crohn's disease in the belief that strictures are caused mainly by inflammation or fibrosis, and that CEUS can evidence inflammation thanks to more intense enhancement of the affected bowel wall [7] [8] [9] [10] . However, studies in the literature are not concordant. Schirin-Sokhan et al. found no correlation between the nature of the stricture and some of the quantitative indices of CEUS [7] . According to Quaia et al., CEUS with elaboration of time/intensity curves and calculation of AUC permits adequate differentiation between Fig. 5 a Elastography shows the terminal ileum wall (distal portion) in a mixed color pattern, mainly blue, green and red with preserved echo-stratification (arrow). This pattern indicates altered elasticity of the intestinal wall. b Elastography shows the terminal ileum wall, proximal to the portion shown in a, an inhomogeneous mixed color pattern, mainly blue and green with preserved echo-stratification. This pattern indicates reduced elasticity of the intestinal wall inflammatory and fibrotic strictures. The authors also provide cutoff values for an accurate diagnosis [8] . In their study, Nylund et al. confirmed that fibrotic strictures present reduced blood volume and blood flow [9] . Ripollés et al. examined 28 patients with Crohn's disease affecting the bowels subsequently submitted to surgery. They found correlation between several US parameters: vascular color signal intensity (CDUS), enhancement percentage (CEUS), signs of transmural pathologic changes (grayscale US) and the degree of bowel wall inflammation revealed by histological examination [10] .
Baumgart et al. performed SE in 10 patients with Crohn's disease who subsequently underwent surgical resection, and they found that SE can differentiate fibrosis from normal bowel wall. Increased bowel wall stiffness evidenced at SE correlated with the outcome of histological examination of the surgical specimens showing hypertrophy of the tunica muscularis and presence of collagen fibers within the bowel wall [11] .
Fraquelli et al. examined 23 patients with Crohn's disease who subsequently underwent surgical resection and compared with 20 patients who were not indicated for surgical treatment. They confirmed the usefulness of SE in detecting fibrosis within the bowel wall. Particularly the calculation of ''strain ratio'' (between the affected bowel wall and the adjacent mesentery) was more accurate than the ''visual score'' in differentiating between severe fibrosis, moderate fibrosis and inflammation affecting the bowel wall [12] .
Coexistence of fibrosis and inflammation in intestinal strictures caused by Crohn's disease has recently been found by other Authors in studies comparing the outcome of MRI enterography with that of histological examination [13, 14] . In these studies inflammatory and fibrotic processes do not exclude each other, as they are proportional to one another in most intestinal strictures submitted to histological examination after resection. Contrast enhanced MRI enterography has a late interstitial phase which is useful for detecting moderate or severe fibrosis of the bowel wall [14] . Contrast enhanced MRI enterography is in clinical practice considered the gold standard for the diagnosis and monitoring of small-bowel Crohn's disease due to the high diagnostic accuracy [15, 16] . However, according to the recent review of Bettenworth et al., also CEUS and SE seem to be promising, and a combination of these two methods could improve stricture characterization in Crohn's disease [16] . Further targeted studies are required to confirm this hypothesis.
In conclusion, the purpose of this report is to document the usefulness of combined CEUS and SE in the characterization of one case of intestinal stricture due to Crohn's disease. In this patient CEUS and SE added diagnostic information to the outcome of grayscale US and these findings were subsequently confirmed at histological examination.
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